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© A technique for repelling carriers in optical communications to minimize mutual Interference. 



@ The present invention relates to a technique for 
repelling carriers in a Frequency Division Multiplex" 
ed (FDM) lightwave communication system to mini- 
mize mutual interference between signals. The sys- 
tem comprises a plurality of transceivers (20), each 
comprising a transmitter section (30) and a receiver 
section (40) which is coupled to a separate user of 
the system on one side, and on the other side to a 
lightwave communication arrangement (21-23) that 
interconnects the plurality of transceivers. Each of 
the transmitter sections of the system uses a sepa- 
rate carrier (10-14) for transmitting an associated 
users' information signal, and, during each sequen- 

3tial test cycle period, slowly dithers this carrier in 
random order to a first nearby frequency (50), on 
^one side of the nominal carrier frequency, and then 
©to a second nearby frequency (51) on the other side 
TO of the nominal carrier frequency. Each receiver sec- 
^-tion monitors and measures the background interfer- 
OOence at each of the first and second nearby side 
^frequencies of the desir d chann I and sends a 
©control signal back to the associated transmitter sec- 
* tion to move the frequency of its carrier to the 
q] nearby side frequency indicating the least noise for 
the next testing cycle wh re th above technique is 
repeat d. 
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A TECHNIQUE FOR REPELLING CARRIERS IN OPTICAL COMMUNICATIONS TO MINIMIZE MUTUAL 

INTERFERENCE 



Technical Field 

The present invention relates to a technique for 
facilitating the frequency division multiplexing 
(FDM) of carriers in optical communication systems 
to minimize mutual interference. 



Description of the Prior Art 

An aim in communication systems is to devise 
practical ways of supporting large numbers of high- 
speed users on a single hierarchical optical unit. 
One technique used is Time Division Multiplexing 
(TDM) as discussed, for example, in the article 
Wide Band Optical Communication Systems Part I 
-Time Division Multiplexing by T. S. Kinsel in Pro- 
ceedings of the IEEE , Vol. 58, No. 10 October 1970 
at pages 1666-1682. An alternative technique is 
Frequency Division Multiplexing (FDM) as dis- 
closed, for example, in U.S. patents 4,232,385 is- 
sued to E. H. Hara et ai. on November 4, 1980, and 
4,601,027 issued to R. W. A. Scarr et al. on July 5, 
1986. 

In optical FDMA systems, performance is im- 
paired by laser phase noise which causes modu- 
lated optical carriers, nominally separated in fre- 
quency, to not be truly spectrally disjoint. More 
particularly, in local optical communication systems 
employing optics, phase noise is often a dominant 
impairment. This communication impairment is 
worsened by the difficulty in reliably situating car- 
riers. The problem remaining in the prior art is to 
provide a simple technique for implementing equal- 
ly, or maximally, spaced carriers in an FDM optical 
communication system to maximize the reduction 
of interference from adjacent optical channels. 



Summary of the invention 

The foregoing problem in the prior art has 
been solved in accordance with the present inven- 
tion which relates to a technique for repelling, or 
equally spacing, carriers in a Frequency Division 
Multiplexing (FDM) lightwave communication sys- 
tem. More particularly, with the present technique 
optical carriers are made to appear to repel each 
other somewhat in the manner of like charges 
confined to a linear track. In operation, while send- 
ing information, a transmitt r section at a local 
transceiv r randomly dithers th optical fr quency 
transmission slowly (compared to the bit rate). In 



random order, a receiver section at a desired re- 
mote transceiver obtains samples over a large 
number of symbols at a first and then a second 
nearly frequency which are slightly to the left and 
5 to the right, respectively, of the current nominal 
frequency of transmission. The receiver section 
then estimates the amount of interference present 
during the course of each of the two sampling 
periods at the first and second nearly frequencies, 
io and then relays that information back to the local 
transmitter. The local transmitter slowly moves in 
the direction where the interference is lower, as 
indicated by the feedback signal from the remote 
receiver section. This process is repeated continu- 
es ously to effect and maintain maximally spaced car- 
riers over the frequency spectrum of the commu- 
nication system and thereby provide minimum in- 
terference from adjacent FDM channels. 

20 

Brief Description of the Drawings 

FIG. 1 is a block diagram of a typical optical 
communication system for practicing the present 
25 invention; 

FIG. 2 is a frequency spectral diagram show- 
ing equally spaced carriers produced in accor- 
dance with the present invention; 

FIG. 3 is an exemplary frequency spectral 
30 diagram showing unequally spaced carriers as may 
be found at the receivers of a system of FIG. 1 not 
practicing the present invention; 

FIG. 4 is a frequency spectral diagram show- 
ing key frequencies for the dithering process in 
35 accordance with the with the present invention; 

FIG. 5 is a diagram showing the composition 
of one cycle in the dithering sequence in accor- 
dance with the present invention; and 

FIG. 6 is a flow diagram of the receiver 
40 microprocessor logic for the dithering sequence 
shown in FIG. 5. 



Detailed Description 

46 

To support large numbers, e.g., tens of thou- 
sands, of simultaneous high speed users over a 
lightwave network, a Frequency Division Multiplex- 
ing (FDM) technique can be used where each 
so channel transmits with a different optical carrier. 
However, such (FDM) technique has a k y impair- 
ment of laser phas noise. In accordance with the 
Lorentzian phase noise model, for each channel, 
the pow r of the interfering signal from each of the 
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other channels varies directly as the bandwidth of 
the phase noise and inversely as the square of 
carrier separation. Therefore, equally spaced car- 
riers as shown in FIG. 2 would be an ideal tech- 
nique to employ. It has, however, been difficult to 
find a simple method for implementing, and espe- 
cially maintaining, such ideal conditions of equally 
spaced carriers. If the modulated carriers could be 
equally spaced in the FOM technique, then, in a 
properly sized system, the Carrier-to-Noise ratio 
(CNR) would stay above a desired performance 
threshold to provide minimal interference. 

In FDM lightwave networks, laser drift is exper- 
ienced which causes carriers to stray from their 
nominal spectral positions, as shown in FIG. 2, to 
the positions shown, for example, in FIG. 3 for the 
carriers designated 10 and 11. The present inven- 
tion provides a technique for repelling carriers in an 
FDM lightwave system to achieve and maintain 
equally spaced carriers as shown in FIG. 2. In 
accordance with the present technique, each trans- 
mitter of the system slowly dithers the FDM signals 
of its transmitted channel, while each receiver mon- 
itors and measures the interference level due to the 
channels on either side of the channel it desires to 
receive, and feeds back that information to the 
transmitter originally sending the desired signal. 
That transmitter will then use the information to 
move the frequency of its own lightwave carrier in 
such a way as to minimize that interference. The 
repelling carrier technique is useful in mitigating 
adjacent channel interference even when phase 
noise is negligible. The inverse square law char- 
acter of the spectral tails are not essential. All that 
is needed is a (approximately) decreasing spec- 
trum outside the nominal band. 

FIG. 1 shows a block diagram of an exemplary 
lightwave system for practicing the present inven- 
tion, which includes a plurality of N transceivers 20, 
to 20 Nl and an optical network 21 which intercon- 
nects the N transceivers. For purposes of explana- 
tion, optical network 21 can comprise any optical 
Local Area Network configuration, such as a linear 
bus, a loop, a star, etc., but the preferred network 
is the Star configuration as shown in FIG. 1. In FIG. 
1, transceiver 20, is shown in an exemplary ex- 
panded block diagram, which corresponds to the 
exemplary configuration found in the other tran- 
sceivers 20 a to 20 N of the system. 

Each transceiver 20| comprises a transmitter 
section 30 and a receiver section 40. An exemplary 
transmitter section 30 is shown as including a laser 
31 for generating a desired carrier for use in trans- 
mitting information signals from transmit! r section 
30; a frequency control arrangement 32 for both 
providing a proper bias to tune the laser and for 
slowly dithering the carrier frequency (wavelength) 
generated by laser 31; an electro-optic modulator 



33 for modulating the carrier signal from laser 31 
with an information signal received from a user 
which is associated with the transceiver; and a 
control signal gen rator arrangement 34 for gen- 

s erating a feedback control signal for transmission 
back to a remote receiver with the information 
signal. An exemplary receiver section 40 is shown 
as including a receiver 41 for receiving the informa- 
tion signals from the optical network and appro- 

70 priately processing the received information signals 
for transmission at a desired channel signal to the 
desired end user and to a microprocessor 42 as 
will be explained in greater detail hereinafter. 

To describe the operation of the present inven- 

75 tion using FIG. 1 , it will be assumed that the user 
of transceiver 20» wishes to communicate with the 
user of transceiver 20 N via optical network 21 using 
the carrier 10 shown in FIG. 2. For purposes of 
explanation, it will also be assumed that the user of 

20 transceiver 20 N will use the carrier 1 1 shown in FIG. 
2 to provide the two-way communication with the 
user of transceiver 20,. At transceiver 20„ laser 31 
is tuned to generate carrier 10 at its output by 
frequency control arrangement 32. At transceiver 

25 20 N , laser 31 is tuned to generate carrier 11 at its 
output by the associated frequency control ar- 
rangement 32. Unknown to any receiver section 40, 
each of frequency control arrangements 32 in tran- 
sceivers 20, and 20 N also slowly dithers the fre- 

30 quency of carrier 10 and 11, respectively, first to a 
nearby frequency 50 slightly to the left and then to 
a second nearby frequency 51 slightly to the right 
of the current nominal frequency of respective car- 
riers 10 and 11, as shown in FIG. 4. In transceiver 

35 20„ the slowly dithering carrier 10 from laser 31 is 
modulated (as, for example, through electro-optic 
modulator (EOM) 33) with the information signal 
received from associated user 1. The slowly dither- 
ing modulating output signal from transmitter sec- 

40 tion 30 of transceiver 20, Ts transmitted via light- 
guide 22, to optical network 21 (where rt is distrib- 
uted to all receiver sections 40), and then via 
lightguide 23n to the receiver section 40 of tran- 
sceiver 20n. 

46 As described above, the carrier frequency at 
any transmitter section 30 is dithered (a) in random 
order and is, therefore, not synchronized to any 
receiver section, and (b) slowly enough relative to 
the high symbol rate of the transmitted user's in- 

so formation signal to permit normal tracking of the 
dithered carrier by a receiver section 40. The re- 
ceiver 41 , in receiver section 40 of transceiver 20 N , 
converts the received lightwave signal into a cor- 
responding electrical signal for transmission to user 

55 N, while easily tracking the slowly dithering re- 
ceived signal from transceiver 20, using, for exam- 
ple, a known frequency tracking loop. Receiver 41 
also samples the received information signal before 
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transmission to user N and measures the amplitude 
of ach sample to permit estimates of the mean 
square error (MSE) of the received signal samples 
to be determined in an associated microprocessor 
42. The MSE estimate computed for each of the 
left and right sites 50 and 51 serves as an indicator 
of the level of background interference for each 
site. 

More particularly, receiver 41 in receiver sec- 
tion 40 of transceiver 20 N measures the amplitude 
of each received sample, and provides such level 
indication to a microprocessor 42 associated with 
receiver 41. Microprocessor 42 stores each of the 
amplitude indications from receiver 41, and com- 
putes therefrom the MSE estimates during the 
dithering of the received signal to both of the 
nearby frequencies 50 and 51 shown in FIG. 4. The 
MSE estimates are computed by taking the mea- 
sured error amplitudes provided by receiver 41 for 
each of -sites 50 and 51, squaring these level 
values, and then summing the squared values over 
a time interval or predetermined length, to provide 
the MSE estimate for each of sites 50 and 51. 
Microprocessor 42 then conveys a control signal 
representative of such MSE estimate to control 
signal generator 34 of transceiver 20 N . At the ap- 
propriate time, control signal generator 34 adds the 
control signal from microprocessor 42 into, for ex- 
ample, the preamble of a next information signal 
segment being sent to EOM 33 to complete a two- 
way communication to transceiver 2d. The return 
information and control signal is transmitted on 
carrier 1 1 via lightguide 22 Nl optical network 21 and 
lightguide 23, to receiver 41 in transceiver 20,. 
From the received information about the MSE es- 
timates, microprocessor 42 of transceiver 20 „ de- 
termines which frequency site, 50 or 51, is pre- 
ferred, because such site provided the least es- 
timated MSE. Alternatively, a more refined repul- 
sion mechanism can be implemented by using the 
estimated MSE gradient to calculate the frequency 
correction. 

Receiver 41 and microprocessor 42 of tran- 
sceiver 20, function as described above for the 
corresponding circuits of transceiver 20 N , and con- 
vey a control signal indicating the preferred fre- 
quency 50 or 51 to frequency control arrangement 
32. If laser 31 is not already at the preferred 
frequency site 50 or 51, frequency control arrange- 
ment 32 of transceiver 20, slowly moves carrier 10 
generated by laser 31 to the preferred site. From 
the movement to the preferred site, the cycle be- 
gins anew and FIG. 5 shows the sequencing of the 
test and frequency movement modes in each cycle 
at each transceiver 20|. It is to be understood that 
the MSE estimates det rmined at transceiver 20. 
from the slowly dithered carrier 1 1 from transceiver 
20 Nt are similarly used to determin the preferred 



frequency site 50 or 51 associated with carrier 1 1 . 
which preferred site is transmitted via control signal 
generator 34 and EOM 33 of transceiver 20 , back 
to transceiver 20 Nj so it can similarly mov its 
s carrier 11 to the preferred site. The above-de- 
scribed sequence continues during the time of the 
two-way communication between the two trans- 
ceivers. 

From the above explanation, it can be seen 
70 that if the carriers 10 and 11 drifted to the positions 
shown in FIG. 3, the preferred site for carrier 10 
would be towards the left, in the direction of carrier 

12, since there would be less interference from a 
signal associated with the more distant carrier 12 

is than from a signal associated with the closer carrier 

13. Slowly carrier 10 would then be moved to the 
position shown in FIG. 2 which is approximately 
equidistant between carriers 12 and 13. Similarly, 
carrier 11 would be moved to the right since, as 

20 shown in FIG. 3, the MSE estimates assoicated 
with the signal of carrier 11 would show more 
interference from the signal associated with carrier 
13 that from a signal associated with carrier 14. 
Therefore, carrier 11 would slowly be moved right 

25 until it reached the position shown in FiG. 2 which 
is approximately equidistant between carriers 13 
and 14. 

The fact that adjacent carriers are also dither- 
ing their frequency may cause the algorithm to 
30 make a mistake when deciding the frequency cor- 
rection required to decrease the interference level. 
However, it is easy to see how an approximately 
chosen dithering pattern can obviate this problem. 
For example, a simple random pattern for choosing 
35 which site to sample next is sufficient to insure 
that, in the long run. the averaged frequency cor- 
rection will be in the right direction. 

There may be an advantage to always trans- 
mitting, even if the transmitter is not communicat- 
ee ing with another transceiver or seeking to begin a 
communication, since then repulsion is maintained. 
Consequently, there is a loose association between 
a transceiver and its spectral location, thereby pro- 
viding an opportunity for speeding the call start-up 
45 process. A transceiver that is not currently involved 
in a call might spend a fraction of its time monitor- 
ing its own test sequence to repel itself from other 
carriers. That transceiver would periodically alter- 
nate between monitoring its own transmission for 
so repulsion and seeing if a channel to it is to be 
established. 

Under the conditions mentioned hereinabove, 
there is always a floating of the entire system of 
carriers, and there is a remote possibility that a 
55 specific transceiver could have, for whatev r rea- 
son, moved to a new relative position. For example, 
a channel may have failed and then b en re- 
established, or new channels may have been ad- 
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ded to the system. Nonetheless, there is a very 
strong correlation between a transceiver's location 
and the dial setting (the current value for frequency 
control) used by the receiver in the previous call 
involving that transceiver. So the opportunity is 
there for transceivers to utilize the present tech- 
nique which capitalizes on this correlation to re- 
duce start up time. Scanning for calls can be done 
by scanning bands in priority order by any suitable 
technique known in the art. The prioritization can 
favor most frequent or most important callers in the 
community of interest. 

it is to be under stood that control is decentral- 
ized. Although the prior paragraphs describe a 
loose ordering of channels, there is no catastrophe 
if the order changes occasionally. Moreover, it is 
not required that each transceiver avail itself of the 
opportunity for reducing start-up time. Another ad- 
vantage of requiring each transceiver to maintain a 
spectral presence is that the problem of clashing of 
call originations is avoided. The powering required 
for permanent transmission would seem to be mini- 
mal and it is hard to envisage circumstances where 
the bandwidth resource is not abundant enough to 
"waste" a bandwidth allocation on an idle channel. 

The logic for microprocessor 42 for implement- 
ing the present technique is not complex. An ex- 
emplary sequence for the microprocessor 42 logic 
is shown in FIG. 6. The counter 60 is used to 
discern the onset of each of the four modes in- 
dicated in FIG. 5. Aside from counter 60, the only 
other additional memory that is required in micro- 
processor 42 is for registers (not shown but re- 
ferred to by block 61) for the two MSE estimates 
associated with sites 50 and 51 . 

It is to be understood that the above is a 
description of a preferred embodiment and is not 
purposes of limitation, and that other and further 
modifications could be made which will fall within 
the spirit and scope of the present invention. For 
example, as shown in FIG. 1, in transmitter section 
30 a laser modulator 35 could be used to combine 
the input signal from the user with the signals from 
frequency control arrangement 32 and control sig- 
nal generator 34 to directly modulate laser 31 for 
transmission via associated lightguide 22 { . Under 
such condition EOM 33 would not be required. As 
stated hereinbefore, other system arrangements 
could also be used other than the Star configura- 
tion described. 



Claims 

1. A transceiver for use in a frequency division 
multiplexing (FDM) lightwave communication sys- 
tem, th transceiver comprising: 

a transmitter section (30) including; 



means (31) for generating a predetermined 
nominal lightwave carrier signal; and 

means (33-35) for modulating the nominal 
lightwave carrier signal from the generating means 
5 with an information signal to be transmitted from 
the transmitter section to a remote transceiver; 
CHARACTERIZED IN THAT 
the transceiver further comprises: 
means (32) for generating control signals to 
ro the generating means for causing said generating 
means to slowly dither the nominal lightwave car- 
rier signal to a first nearby carrier frequency on one 
side of the nominal carrier signal in a manner that 
enables the collective background interference to 
75 be sensed by a received for deriving a control 
signal to reposition the carrier and situate the car- 
rier more favorably amid the background interfer- 
ence. 

2. A transceiver according to claim 1 wherein 
20 the transceiver further comprises: 

a receiver section 
CHARACTERIZED IN THAT 
the receiver section comprises: 
a receiver, responsive to a lightwave informa- 
25 tion signal transmitted by the remote transceiver 
which modulated a second nominal lightwave car- 
rier signal with an information signal destined for 
the receiver section while slowly dithering the sec- 
ond lightwave carrier signal, for demodulating the 
30 received lightwave information signal for transmis- 
sion to an assoicated user of the system and 
operating on the demodulated information signal for 
generating a separate output signal from which 
corrective movement of the carrier can be effected, 
35 and 

a processor responsive to the output signals 
from the receiver for determining an indicator of 
the interference level and for generating a control 
signal to effect corrective movement to a frequency 
40 with a lower interference level for transmission to 
the modulating means of the transmitter section for 
transmission back to the remote transceiver in the 
modulated information signal. 

3. A method of transmitting signals in a fre- 
45 quency division multiplexed (FDM) lightwave com- 
munication system, the method comprising the 
steps of: 

at a first transceiver associated with a first user 
of the system, 

so (a) generating a nominal lightwave carrier 

signal and; 

(b) modulating the nominal carrier lightwave 
signal with an information signal received from the 
first user; 

55 CHARACTERIZED IN THAT 

the method comprises the further steps of: 
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(c) slowly dithering the nominal carrier ligh- 
twave signal generated in step (a) in a neighbor- 
hood of the nominal lightwave carrier signal of the 
first user; and 

at a remote second transceiver associated with 5 
a second user, 

(d) demodulating the modulated information 
signal received from the first transceiver for trans- 
mission to the second user, and sequentially sam- 
pling the demodulated information signal so as to io 
generate control signals promoting favorable re- 
positioning of the carrier; and 

(e) transmitting a carrier control signal back 
to the first transceiver for moving the nominal car- 
rier frequency generated in step (a) to a nearby 75 
carrier frequency derivable from the carrier control 
signal before reiterating steps (b) to (e) during a 
next cycle period. 
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